with Au film to improve the conductivity, the morphologies of sample films were examined 
Characterization of CdS QDs

3
The UV-vis spectrum of the as-prepared CdS QDs showed an absorption inflection point at 4 371 nm (Fig. S1, curve a) , from which the size and concentration of CdS QDs could be estimated 5 to be 3.5 nm and 4.2 μM with Peng's empirical equations, respectively.
S3
The PL spectrum 6 (excited at 365 nm) of CdS QDs solution showed a strong emission peak with a maximum 7 intensity at 560 nm (Fig. S1, curve b) . The similar PL excited wavelength and absorption 8 wavelength indicated the emitter was contributed to the excited state of QD core (QD*). (two ν S-O and one ν S-17 phenyl ) corresponding to sulfonic acid group in the ATR-FTIR spectra (Fig. S2D) , in which the NCNTs.
S5
The XPS survey scan of Ab 2 -PNCNTs displayed an increasing N content up to 13.0%, 5 while the XPS spectrum of distinct N1s peaks exhibited a N ratio of pyridinic (402.1 6 eV)/graphitic (400.5 eV) below one (Fig. S2B) , showing a growing relative abundance of N in (Fig. S3C) , which led to a larger tube diameter than PNCNTs (Fig. S3B ).
4
Characterization of the immunosensor CEA showed coincident signal with RSD of 0.81% (Fig. S6) , indicating acceptable 5 reliability and stability of the detection signal. 
